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. 1l A SENSING SYSTEM FOR DYRAMIC ARMOR
O = '
=
— H. W. STRAUB
/) CIAMOND ORDNANCE FUZE LABORATORIES
=T <L "IASHINGTON 25, D. C.
INTRODUC. ZON

Passive armor bas been used as a defense through tle centuries
ever since the Stone Age. It has finaliy lost the race against
attackx weapons with the invention of high-penetration rounds of the

- kinetic energy and the shaped charge type. As these rounds have a
penetrating powver of 10 and more inches of steel, a tank carrying
sufficient armor to stand up to them would no longer be acceptable

by considerations of weight, maneuserability and air-transpcri-
ability.

A praising tank defense against high-penetration rounds con-
sists of equipment that intercepts and cdefeats “he atitacking round
by a high-velocity defending round. This is the principle of wvhat
i3 now called Dynamic Armor.

Credit for the basic idea is due to Picatinny Arsenal. Tech-
nicel responsidility {or the over-all project rests with Detroit
Arsenal. Picatinny Arsenal takes care of the development of the

defending charges, and the Diamond Ordnance Fuze Laboratories are
in charge of the sensing system.

DESCRIPTION OF DYNAMIC ARMOR

The gystenm presently under investigatinn at DOFL is an optical

It empicys infrar-<-optical sensing screens which detect the
approach of anti-tank rournds, and en electronic camputer which
measires velocity, directiorn and height of attack, ccmputes the
Jiring time, and generates a firing pulse to cetonate s linear
shaped ‘harse ~o <ha tonv

L g wmd e~
= - - pedol,

In *he right position and at the rigkt
time <o defeoc the round.

cne.

The senslng, system, figure 1, consists of three optical screens
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sr the present gperation to take measurements
4 poasibly atfeven greater ranges cependirg
. FRaat 300 milgB, At the present time, an
A3 an OGS to @esien anfMlectrical and mechanical system
VU gain better contrast Biieen Jhrget and background. One method
is through the use of filt@es,: Jihe U,S, Army White Sands Signal
Agency is now designing il which, when completed, will allow
detection and tracking equiprfint to operate in daylight against
rissiles of IRBM class at raffies of 500 miles or more, Later it is
anticipated that mee amenjie -be made utilizing several spec-
trometers and other instrifients Yncluding lead telluride detection

22118 in order to learn mffre aboi the various flame characteristics

and missile propellants and the

of wany different types Sf missileW
borne ‘detection devices,

sdvantage obtained throfigh use of e

SECRET

Best Available Copy.

255



This document is the property of the United States
Government. It is furnished for the duration of the contract and
shall be returned when no longer required, or upou
recall by ASTIA to the following address:

Armed Services Technical Information Agency, Arlington Hall Station,
o A » Arlington 12, Yirginia =~

NOTICE: THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE

NATIONAL DEFENSE OF THE UNITED STATES WITHIN THE MEANING
OF THE ESPIONAGE LAWS, TITLE 18, U.S8.C., SECTIONS 793 and 794.
THE TRANSMISSION OR THE REVELATION OF ITS CONTENTS IN

AN’Y MANNER TO AN UNnUTHORIZED PERSON iS PRCHIBITED BY LAW,

T R R AT T RN R v S e T AN Rt et
N e -‘_,v_;,. ',

TN IS, T ©
R AL ST i I

E A

fo

.




e e s tn

P N L

RN

SECRET

STRAUB

1, 2, and 3, which originate et the tank wall, U, vhere a suitable
number of defending linear shaped charges, 9, is eiso located. Two
of the screems, 1 and 2, are parallel, vhile the third, 3, makes an
angle with the other twc. Each screen is mede up of numerous,
parallel sensing elements, each of which is a composite cf two
colums, an illuminating bearm and a detecting charrel, udjacent and
parallel to one another. Each pair of these columns originates at
a sensing unit which consiste of two small parabolic reflectors, 6
and 7, *hst have a light bulb and a light detector respectively at
their focel pecints, figure 2. XNeur infrared filters over the light-
bulbs cut out all visible light. The detectors that are presently
used for the experimental work are PbS cells. Three rows of sensing
wnits making suitable anglea with the vertical and with suitable
spacing between one another will be lined up along the periphery of
the tank,

CPERATION OF DYRAMIC ARMCR

An oncoming round, 8, fisure 1, traver:ses at least one sensing
element in each of the tiviee optical screens at points 9, 10, and
11. It intercepts in cach of them the light of the illuminating
beam and reflects a portion of it back to the detector at the base
of the detecting channel. In this manner, at least one detector in
each of the screens is rlerted, -

The positions in space of the traversad beems are known from
the design data. The transit times for the round to mve from a
sensing element in the first screen, 1, to those in the two follow-
ing screens 2 end 3, are measured by the computer system as time
differentials oetween electric pulses that are caused by alerting
the first and the two consecutive detectors. From these time
differentials, from the design dats, and from the known fragment
velocity of the defending charge, the computer will select a
defending charge, 12, which is in the right position. and generate
a firing pulse at the right time so that the defecding charge frag-
zments and the round arrive al the same point, 13, at the sawe time.

A computer is under construction thal can be expected to
accomplish this for rounds which approach in directions up to 60°
from the tank wall vertical at velocities from 200 ‘o 5000 ft/sec
and elevetions from ebout one-half o 5 ft.

RESULTS

Experiments have been made at DOFL with 2 simplified arrange-
zent, figure 3, thal consisted ¢ cne vertical slice only of tke
described system; <that iz, of only three sensing beams, one out ou
each of the three screens. This set-ip was used Lo record pulses
from 4" diam. simulated miecsiles which were fired “rom an air gun
with veloecities from 20C <o 1000 Tt/sec, and from 75 mm inert
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artillery rouds vhich were fired at the DOFL Test Area with
velocities from 1400 to 2600 ft/sec.

Figure 4 shows a typical oscillograi, with the rownd coming in
from the right. The lower trace records the two pulses from the
passage of the round w:rough the first and the third optical screen;
in the middle trace is the pulse due t~ the round going through the
second screen vhich is parallel to the first. The two pulses in
the upper trace are caused by the round making contacts in two
double aluminmum foil screens which were placed in the trajeciory

at a known spacing.

The time differentiel between the first pulse in the lower
trace and the one in the middle trace, and that betwveen the two
Pulses in the upper trace made possible two indeperdent determi-
nations of the same velocity. Both checked witlLin a few per cent
for all velocities used,

In addition to the velocity, one can also determine the
elevation of the trajectory, that is, its distance from the apex
of two diverging screens, if one compares the time differential “iom
the two diverging screemns with that from the parallel screens.
Determinations so made alsc checked with direct measurements of
that distance. From the velocity and distance obtained in this
way, the computer determines the firing time of the defeading
charge. .

That the spatial resolution i3 sufficient to provide accurate
enough iaformation to the ccmputer for the selection of the right
defending charge to be {ired was proven with an experimental set-up
of three glices; that is, of nine sensing beams.

OTHER CONSIDERATIONS

The Dynamic Acmor System must not respond to accompanying
personnel moving near-by, to variations in grourd reflectivity,
moving clouds or overhanging tree branches. To this effect, high-
pass electrical filters that onlv “rensmit frequencies sbove about
200 c}cles/second will be used.

In = tank tka* 1~ cquipped with Dynamic Armor, it will n-+ be
desirable to waste 1ny defending charges oa small-arms fire, shile
rounds above a certain caiiber should be safely defeated. This
condition can be fulfilled (1) by arranging the sensing beams at
such a spacing that no large-caliver round can slip through
unnoticed, (2) by setting up an adi{tional condition that at least
two adjacent sensing elements in each screen have to be alerted in
order to alert the computer, sc that sm=l] arms bullets which pass
only one sensing element will not be noticed, and (3) by lering on
the tank some residuval armor, only about 1~1/2 inch thick, that
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will defeat smail-arms fire.

CONCLUSION

There remains in this project 2 gr=.. -uber ¢f problems that
nave yet to be solved. But, 1f Dynamic Ara.” .an dDe completed
successfully, the Army will be provided wityu . tank which may te
neavily armed, and wm- %2 80 21ight in weight thet it can be
<ransported by air. :
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Figure 1. Diagram of dynamic armor sensing system.
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¥igure 2. Semsing unit.
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Figure 3. Cne slice syster mounted over airgun,
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Pigure 4. Typical Dscillograa.
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POZENTL)L COFTRILTIOH 10 THE RARTZ SATELLITE PROJECT
3Y THE
ARIY BALLISTT ' XISSIL AG3NCY AKD THE JET PROPULSION LABORATORY
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project could be
sile projects which ar:

This papur in W 0 A0V how &
implemented =y ¢ zgtI¥el JTigro<th uf 3
presently wc 18y ri- 20 Alry Ballisyge iissile sgency at Zunts-
ville. 7his ssverlit®d-rojec:, if itk d be activated, would by
no means constitute t. X .lscomert offfibe eyisting VANGULED Satel-
iite Projec:. .t 9. &% cornitaed®d as a part of the VANGUARD
Project, o &xica of [r=efVe.- ta 4N real VANGUARD, whieh would
give our country an c.lr— seSelgite capability than the VANGUaHD
Project may be abl .r o3, .13t ons or two satellites
wuld provide latw . - % m§ ' ﬁ‘o}nuioz of the earth, the

SRRy We BEE b i F Ry y ’ it : 2RE
ciooapharie avem ot eethalo, Rl SATRIAE M, ,
corld carry pract. a’Ls tbe e immtrunents which are now scheduled

for TARGUXID satei’ [
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ville, icioerly of the &
Arsenal, have teen enjagst
projects {or many years.
a small satellite as pa
group became apparemt i
3raun wrete & ormar Sl
lite could be succes:™

aliistic Missile Agency at funts-
e Development Division at Redstone
Mtical inrestigations of satellite
‘ ty of building and launching
ppaent work assigned to that
pewber of that year, Dr. vom
ppted cut that = small satel-
ssiles and other components
vhich existed at that #use. T salifas based on the RIDSIKE
Agh dAslnudes e T )2, A ZEDCTOED NidBRle with slightly elcngatei
‘tanks, 2 iis .ter ;:c:!é‘.... >y i n sizplifieWgeontrol system. Tro
aissiles 27 Gt <»yval, V) emd $9, had been sdfg eside in April 195Z,
for specin. .Aria. - e cpper 3tages of solifypropellant rekets,

in cozhinstitu -1tz he RZDSTIKE booster, were fhund capsble of
orbitinz a parlouc ¥« several pounds. s number off studies on per-
Zormances, ordits, mi.=*ines, iracking, instrusentation, =nd siaging,
supported the proo(iyal.
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